vy o IV L TN S T I
LA-UR-81-1044

TITLE: NORMAL~STATE ELECTRONIC FROPERTIES OF Sn
AT LOW TEMPERATURE AND MIGH PRESSURE

0.12EU7 08M065s

AUTHOR(S): P. D. Hambourger, C. Y. Huang, H. L. Luo, and B. Segall

MAS]}'/;

SUBMITTED TO: '6th low Temperature Physics Conference,
Los Angeles, CA, August 19-25, 1981

DISCLAMER

By acceptance ot this articie, the publisher recognizes that the
U.S. Govarnment retens a nonoxclusive, royalty free hoense
10 publish or reproduce the publn*wed taorm of this contribu
tion, ot 10 allow othen to du o, for U5 Government pue
|oses

The Los Alamos Scumntific Laboratory mequests thet the pub
lisher denuty this srucle e work partforned under the aus
mces f the US Dapartment of Energy

.g
c
| 53
O
:
©
&
S
o
>
=
»
| o
]
IZ
c
-

L.OS ALAMOS SCIENTIFIC LABORATORY

Post Oftice Box 16683 Los Alamos, New Mexico 87545
An Affimative Action/Equal Opportunity Employer

N
Form No. 838 RJ UNIVLD STATES : N ,

Si. No, 26 % DEFANTMENT OF ENERGY
e CONTRACT W 1408 FNG 6


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NORMAL-STATE ELECTRONIC PROPERTIES OF Sno.leul OBMOGSB

AT LOW TEMPERATURE AND HIGH PRESSURE

P. D. Hambourger
Department of Physics, Cleveland State University
Cleveland, Ohfo 44115 USA
cC. Y. Huang*

Los Alamos National Laboratory, Los Alamos, New Mexico 87545 USA

H. L. Luo'

Department of Electrical Engineering and Computer Sciences NN
University of California, San Diego, La Jolla, California 92093 USA T

and

B. Segall

Dupartment of Physics, Cuase Weatern Reserve University o
Cleveland, Ohio 441006 USA

The ..ull coefficient and resistivity of S“O-IZE“1.08M°653 have been
measured over the range 1.5<T<300 K under hydrostatic pressure up to 5.3
kbar, The data suggest thermally-activated conduction, but In all cases
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the carric¢. :oncentration saturates at ~10 holos/cm3 for 100 K. A

band model is proposed which is qualitatively conasistent with the data.
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The Chevrel-phase compound Eu1.2M°658 exhibits urusual electronic
properties at low temperatures. The ambient-pressure resistivity (p) is nearly
temperature-independent above 10G K but shows a semiconductor-like increase
by a factor of V7 ag the temperature is lowered to 4 X [1]}. No super-
conductivity was observed down to 17 mK [2]. However, application of hydro-
static pressure or substitution of Sn for Eu to form S“xE“l.2-xM°688 was found to
induce superconductivity whiie reducing the normal-state resistivity
[3,4). This gives rise to a regime in which relatively-high-T, super-
conductivity (onset temperature as large as 11 K) is observed in samples
in which 9p/3aT<0 above Tc [3-5). Hall-effect measurements on such samples
at ambient jressure [4] indicated carrier concentrations (n) as small as
1019 cp=3 ar 12 k. T. 1s therefore considerably higher than found in
tynicael low-n superconductora, Further increases in pressure or Sn con-
centration give rise to metallic-~like resistivity behavior in the normal
state with Tcmll K [3-5].

In this paper we report Hall coefficient (RH) and resistivity measurements
on 8“0-125“1.08MC658 over the range 1.5¢T<300 K under hydrostatic pressures
up to 5.3 kbar. In this pressure range the onset temperature for super-
conductivity shifts with pressure from below our lowecst temperature to
9 K while 3p/3T remalns negative at T>T.. We therefore obtain informatlon
on the electronic structuro ir this interesting regime. We then present
a semiconductor model which is qualitatively ccrsistent with the data.

Sam; les werce preparcd as described in ref, 4. Chemical analysis
showed the compusition to be S“O.O9E“1.1M°6s7.6' The sulfur deficiency
is typical of Eu-Mo-S samples, Pressur2 was generated by the self-clamp
method [5] and measured by a superconducting Sn manometer placed near the

sample. p cnd Ry were measured by standard techniques using low-frequency



(fv8 Hz) alternating currents and static magnetic fields of 2-12 kG. On
the basis of magnetization and sample-density measurements, we conclude
that errors in RH due to the anomalous Hall effect and porosity of the
samples are small.

p 1s plotted vs T in Fig. 1, The influerce of pressure on the
normal-state resistivity is clearly visible. The data at 5.3 kbar show
a drop in p beginning at +9 K which appears to be the onset of super-
conductivity.

Carrier concentration' (n) derived from the one-band formula
nE(e\RH‘)-1 is plotted vs T in Fig. 2. The sign reversal of R, at low
pressures indicates that two or more bands of carriers contribute to the
Hall voltage. However, if the Hall voltage 1is assumed to arise from just
two bands, it can be shown [7] that the number derived from the one-band
formula is an upper limit on the concentration of carriers whose sign is
the same as that of RH. At temperatures rather far removed from the sign
reversal, n therefore provides an estimate of the carrier concentration
in orie of the bands.

It 1is generally believed that the superconductivity of the Chevrel-phase
compounds involves electrons in an incompletely-filled Mo d-subbund. In
a recent band calculation on Eu-Mu=-S [8], it was found that the Fermi
level lies in such a band which i3 located below & sizable forbidden gap
(v1 eV). A model which rationalizes the main features of the present data
and the lack of superconductivity in Eu-Mo-§ at ambient pressure involves
the introduction of an impurity band containing a fairly large number of

states located in the gap on the order of 10 meV above the Mo band. The



impurity states could be associated with the significant sulfur deficiency,
europium excass, a . other defects that tend to occur in these cou
pounds. For example, the sulfur deficiency may lead to a filling of the
Mo states; and the data indicate that at low temperatures the Fermi level
lies near the bottom of the impurity band rather than in the Mo band.
Previous resistivity data [3,4] also indicate that for F:lo kbar the two
bands merge (corresponding 0 a reasonable pressure coeffici~nt). The model
is then consistent with our (P:S kbar) data in that: (1) 2p/3T<0, 3n/3T>0;
(2) there 1s multi~band behavior, and the temperature at which Ry changes
aign decreases with increasing pressure; and (3) n saturates at high
temperatures. The behavior at the pressure where the bands begin to over-
lap is expected to be complex. At higher pressures (Y10 kbar) the model
suggests that 3p/3T would be positive as previously observed [3,4] and
that n would be relatively independent of temperature.

Measurements at higher pressures in Eu1.2H°688 and other compositions

are currently in progress.

We wish to thank N. Boeman and C. Dauterman for technicai assistance.
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Figure 1

Figure 2
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FIGURE CAPTIONS

Registivity vs temperature

-1
Carrier concentration as defined by nz (e PH,) vs temperature
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